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NISKLESS LS6I1-11 SYSTEMS

Wendell Ford and Donald G. Bhirk
Los Alamos National laboratory
Los Alamos, New Mexico

DISCLAIMER

ABSTPACT

Programs for dedicated LSI-11 based syatems can

easily be

stored in ROM instead of [loppy disks, yet execute the same

an dink-stored programs.

INTRODUCTION

Certain applications can benefit greatly by
the powerful intaslliqgence available through use of
a mini{ or microcomputer. The benefits are often
negated if the resulting system is ton complicated
for operation by unsophiaticared umsers or contains
componenta not suitahle for the application environ-
ment. [in example ia equipment that uses a general
Furpnse LS5I-11 computer complete with full feature
terminal and floppy dirk drives, i{n an indusatrial
environment that must be operated by production
personnel. Tc imn unreasonable tn assume the oper-~
atur can ensure the correct floppy is loaded, bring
up the rperatira myatem, enter the proper commanA
to rur tne appljcation program, and he ahle to
-esaclve prohlemn at any atep.

We are developing a numher of ifnatrumentm for
a chemical proceas line. The inatruments are to bhe
nperated hy a variety of perscons with diverse hack=-
Jqroundn, j.e., natarting arade techniciares ta flaor
aupervisora.  Simple, atralqhtforward operatinn of
2ll »acquiipmert iR needsl. The environment im that
of a mndern, well-maintained procersing plant:. The
atmoapherre {p Fontronlled to te safe for human occu-
pation, althougn abnarmal conditiona occasinnally
occur . Bmall magnicude vibration may he expec: «d.

Reveral qonals are commopn to the varjoum fin-
tahed myatema. The following goals were *0 he met
at minimun cost and with & minimum number of compo-
nenta.

(1) Create a very ‘friendly’' user environment;
one that would not intimidate unmkil)led
users:. Himply turning power on Ia all
that ia required to hegin operation.

(?2) Arhieve rellalile ¢pstation ipn an indun-
tria) environment. e intenance ne-Aa to
he accomplinhed quickly and eani’ly in the
fimlna.

()) Protect the program and data fror
dental or malicious corruption hy the
operetor o othesa.

(4)  Any communicationa with other processoras
or Adevicean ghould he via aleple netwarka.

Theas o0raln trannlated
miiyemant e,

(1) 1f porainle, the nesd for a Aiak Arive
and full feature ter=inal should he elimt -
natel.

(2) Al hardware componeptrn should be 1eailily
avallahle commercial unite.

Li) The mire ahould he an vcompact as posmible.
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inte: more aspecific re-
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Two saaiple systems are demcribrd.

(4) Maintenance and repair would consist of
swappling compoi~nte or circuit boardr.

(5) All communicationa should be hy existirg
industry-wide standardn.

(6) Software development, not
developed on the field myrtenm,
portahle.

(7) Installation and/or revimjon of the s.f1-
ware in the field shouid be easy an!
direct,

(R) Where possible programa should be wrirter
in high-level language.

(o) The comt of the field-inatal;ed
war to he kept lnw.

necensfrarily
should 1w
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SYSTEM DFEVELOPMENT

We implemented twe mymten-
requirements in whicl, the program s

merting the ale e
mtored g

FPROM, loaded into RAM at turn-on by the haotatrap
loader, and executed out of HRAM, One mynter -
used tn rcad data from intelligent mclentific an-

atrumenta. This syatem succonafully interfaces arn
elactronic bhalance and a selution masm mearuring
device. The other avmtem illustraten ume of a-
eximting host computer for rontrol and mams Rtorage.
Thim aymtem im a speake)r-identity-verificaticn nyr-
tem acting am a matellite to a PDP=11/34. hie Leopt
PUP~11/34 contiols security gsyatem oparation  an!
atores vojce templatesn fur eacl umer. The matellite
LSI=-11 performas volice verification and rstuine tlhe
decimion to the host.

To meet the listed 1squirementa, the following
ayatem atiributen were developsd. The
renidepg in EFROM. To eliminate any conceins
conflicee ROM  and RAM addrean apace, the
program e downloaded from ROM to RAM for executio:,.
e program auto loade at turn=ons Different pro-
qinme are execited by entering the hootatrap loade
at Aifferent entry pointa. The operat !ng "panel’
{a a compact oy hand-held terminal. The communica-
tionn Are arpial FIA o1 current loop uaing standard
haud ratea. A amall themal printer s avatlalle
hy foy herd-copy output .

rofiware
Ve
heotwean

Hat dwar e

" A barire LEI-11 computesr hardware configuiat fon
wvan melectied for ume in the aymtema. The enclomure
fn & BALL-M with front panel awitches and lightm.
Thim rhameia allows up ta etght dual-wide boards in
Y 1/27 of rack apace. Four dual-wide lmada are
waed an LEI=11/0 KDYLD-HA CPRU, a MEVEL-DD Qe byt by
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R



32K RAM memory, a DLV1l1-J d4-channel serial inter-
face, and a MRV1.-C 64K-byte ROM board. DLV11-~KAs
are used to convert from EIA to current loop where
required. The bootstrap i3 contained in EPROM on
the MRV11-C. Por the speaker-identity-verification
system, the two remaining quad slots are available
for the voice recognition module and spsech synthe-
sizer module. The current myster configuration uses
external modules connected to verial poita: Single
quantity list prices for the LSI-11 components ia
ahout $4200, the voice recognition module is about
$2100 and the speech aynthesizer custom built is
lssm than $1000.

Software

The majority of the applications software was
written in RT-11 FORTRAN IV. Use of MACRO-1] wans
restricted to the channel driver routines. Under
stand-aione operations, console terminal FORTRAN
1/0 was provided by the $SBIMRT module, which was
included at LINK time.

Production of vask image .SAV format files was
straight forward. Standard FORTRAN compilation
procedurea were used. The LINK step involved one
additional awitch gselection in the command line.
The astandard LINK command line was modified with
the '/INCLUDE' gwitch to allow inclugion of the
$SIMRT module.

The .BAV task image now servea am {nput for
the EPROM programmer software procedures. These
sof tware procedures read he task image fi{le from
the Zloppy. convert it to the required high and low
byte format, then program the higrh and low hytes
FPROMs. Used in thin manner botkr (" ¢ high and low
byte FPPOMa are programmed aimultanecunly.

Code for the bontatrap loader is written in
MACRO-11 and in assembled tn produce a mackine in-
atruction linting. Theae bhinary instruction coden
are ther entered manually into a standard EPPOM
programmer and the hontatrap FPROMa are programmed,

Prograr Sterage and Ewecut fon Environmert

The emecutalle programs are atored {r FPROM on
the MRVII-C hoard. Maximum capacity of the MRV]11-C
In 64F~hyten and up to 16 MAVII=C'm may be §ncluded
in a aymtem. Proviainon in alase made for atoring
and ac msina the hootstreap loader in a MWI)-C,
The MRV, I-C nrovides twn Aifferant addreasing moden
dirert and window mapped. Direct addressing placesn
All KM locationn in the 151-11 addresa apace the
aame am \ny other memory. Address decepding oprtions
allow consideralbile freedom in poaitioning the ROMs
fn the addresa space. Window wmapping provides
accean to the ROM leacatjons \hrough two indepsnident
J¥-hyte windows that may be located snywhere In *he
t4F-lyte adArenms apace. T™he asegmuenta that are
viewsd through each window can be varied uider pro-
qiram control. The bootstrap option may be used hy
either mode or disalled. When the hootatrap option
fa used, configuration jumpeis allow Reveral chnicen
of hontatrap atarting addreens. When the windnw
rapped mode of operation is sslerted, only twn
2¥-hyte aegmenta uf the PMM are vislhle tn the
1.81-11 address mpace.! To prevent conflicta w.ih
FAM addresa space, we uned only nne window located
in the hottam of the 1/0 page, and thua the FPRMM
space im inviaihle tn the 1.RI1-1]1 addrass apace.
CPU power~up minle ) wan sslected and the bootatrap
locrated at addrean 17V0GO.  The lootaviap tn de-
atmed to load a rpecified asction of the R'M gpace
Through the window fnto the RAM apace and hegin

executi»n. Thvs, at power-up the program is auto-
matically transferred from ROM —o RAM and execution
begqun. Other programs can le loaded by different
bootstrap entry points. which specify lcading dif-
ferent ROM locations. There are various options
one could use for entering the bootstrap.

SPEAKER IDENTITY VERIFICATION BYSTEM

A brief Jdescription of the speaker-identity-
verification rystem ims given here (a more complete
digcussion will be the subject of a future paper).
An early veramion of the system and some preliminary
results appear (n Ref. 2. A PDP-11/34 acts as con-
troller for a complete security and access control
systen. The LSI-1] is a matellite to the PDP-11/34.
A peraon is enrolled in the system by a training
proceas that generates a set of voice templetes.
At the cnd of training the voice templates are
stored on disk :n the PDP-11/34 under a uvser IT
number. When a person withes to be verified (for
cxample, euter 4 controlled area), he enters his ID
ramber via a nuwneric keypad. The 11/34 ver:fies
chat the number ig valid and downloada the appro-
priate voice templates to the LS1-11, which in turn
downloads them to the voice recogrition module. The
user is then prampted through a se-ies of utterarcer
and his identity cnhecked. kKi. control of the LSI=11}
is by commands from the 11/)4: communications is ly
serial ASCI1 characters.

At power=-up the LS1-1] comes up in a quiencent
atate awaiting a- 11/34 command. The p vgram thal
is loaded by the bootstrap is the nurnally wunme)
verify routine. After executing the 11/34 command,
the LSI-.]1 replier and returns to the await=-command
mode. 1If the cormmand 18 to enroll a new person,
the program jumpbs i1nte the noototrap at the poirnt
that loads and executes the training program, At
the end of the trainina <esmlon a jJump 16 aqga::
made to the hontatrap to oad and execute the ver:-
ficatior program.  Al)l this action ir ‘ransparent
te the 11/34 and to the umer ar all lnading and
startina of proarames requires ne operacor intervan-
tion.

INSTRUMENT MUKITOR SYSTEM

The other applica'inr (1ea8dine scient1f): 1n-
gtrumenta) 1s a mingle program loaded at power-up
(Figure i). The umer interacty thiough a compart
(or hand held) AS”I1 terminal. When power 1m turne!
on, the program ia loaded, starts executing, and a
start-up measage ip displayed on *he terminal. ile
operator may then wselwct the desired cperaticn
(reading the Inatjument of intereat) and the repult
is displayed on the terminal. If & hard copy 1ia
needed, thw repult can bhe printed on the compact
printer. Recauas 1he terminal is used in the con-
sole chantel, aimulated FONTRAN 1.0 was umed. The
other channel drivers aje written in MACRO-11 and
allow asynchicnous opsiation. Anothe: faature 1in
the uae of the line-time ek, If the interogated
devicre doem not gegpord within a prerciribed tire
(ag timed by lle line-tire (lock), the proutam
aleita the operaror and awaits the nemt command.
Ultimate une fo, the syatem would allow for -optiol
from a hoat computer to place the inatrumenta in an
eh-line daty acquisttion mode.  Operator §ateract inn
would e limited te indicating a maagaiement s
vready to he taken o1 taking are of special canen.



Figure 1. Inptrument monitor system.

In both systems the full 56K-hyte RAM space iB
avajilable for the applications programe (64K minus
the BK 1/0 space). No partioning of the memory
space into RAM or RUM arcas was nseded. The number
of application programs could be expanded hy the
addition of up to 16 MRV]11-Cs (up to 64K-byte each).
Am more programs are added, more clever use of the
bootstrap space may be required. The power-up pro-
gran could be a menu program for selecting one of
several alternativen.

BOFTWARE DEVELOPHENT ENVIRONMENT

The softwvare development was done on a PDP-
11/04 host operating under RT1l V4.0. The 11/04
systemn contains two RLOL hard disks anéd an R302
floppy disk:. Thus, the speed of the hard disk wvas
used for program development and the convenience of
the floppy was umed for program ¢transfer. The
development LSI-11 system also containsg an RX02 and
runs RTll. A third party Q-bus compatible EPROM
programmer was purchased for transfering the pro-
grams from f{loppy disk to EPROM. The programming
system provided a word programming mode (two B-bit
wide EPROMs simultaneously) mo that partioning into
high-byte, low-byte was not necessary. The jumpers
on the MRV11-C allow use of a wide variety of
EPROMs, limited to the single power supply variety.
We have successfully used the Intel 2716 and the TI
TMS2532. Some care is required to select proper
jumpers for the 129 wire-wrap pins.

SUMMARY AND CONCLUSIONS

our work has shown that compact LSI-11 mystems
for dedicated (but flexible) applications can be
built. No disk need be present; the program can
begin operation at power-up. The painful process
of ROM-RAM partionins can be avoided and most of
the software can be written in a high-level lanyuage
(FORTRAN in our examples). However, the FORTRAN
code did require conaiderably more memory for the
console 1/0 than a corresponding assembly language.
Deve lopment could be done on a LS1-11 system witl
floppy disk, or the faster speed of a hard :lisk
system could be used and the programs then trans-
ferred to the florpy disk.
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